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Abstract: Characteristics of biogenic VOC (Volatile Organic Compounds) as well as methodology of BVOC (Biogenic VOC) 
emission estimation are presented in this article. It has been shown in previous studies (e.g. Simpson et al, 1995) that contribution of 
volatile organic compounds (VOC) emitted from biogenic sources to total amount of VOC in the atmosphere can be significant. 
Especially while modeling photochemical processes over forested areas biogenic sources should not be neglected. Emissions of 
volatile organic compounds – isoprene and monoterpenes from forest ecosystems in the area of Czech Republic were estimated. 
Results were compared with antropogenic emission data in different regions of the Czech Republic. It has been shown that the 
amounts of biogenic VOC emissions are comparable with emissions from anthropogenic sources in most of the regions. Spatial and 
temporal distributions of emissions are presented as well.   
 




Large quantities of volatile organic compounds (VOC) are emitted into the atmosphere from natural sources such as 
marine and fresh water, soil and sediments, microbiological decomposition of organic material, while the most 
important emitter is vegetation, especially forests (Guenther et al., 1995). A group of biogenic VOC (BVOC) is 
relatively wide including isoprene, terpenes and number of oxygenated compounds (Seinfeld and Pandis, 1998). 
However, according to many emission inventory studies, species emitted from vegetation in highest concentrations 
are isoprene (C5H8) and monoterpenes (C10H16) (e.g. Simpson et al., 1995).  
 
The purpose and processes of VOC production in plants are subjects of research and are not yet well understood, 
although some ecophysiological functions have been described. There is evidence that plants emit monoterpenes to 
defeat themselves against pathogens and parasites or herbivore. On the other hand isoprene formation inside the plant 
foliage may serve to prevent light or heat damage (Kesselemier and Staudt, 1999).  
 
Concentration of BVOC in the atmosphere ranges from few ppt to several ppb and their chemical lifetime varies 
between minutes to hours (Kesselemier and Staudt, 1999). Such short time of presence in the atmosphere corresponds 
to high reactivity and therefore importance of these gaseous compounds in controlling the chemical capacity of the 
atmosphere. While reacting with hydroxyl radical (OH), nitrogen oxides (NOx) and ozone (O3), BVOC play a 
significant role in photochemistry of the atmosphere since they affect concentrations of low level ozone (Fiala, 
Zavodsky, 2003). Further consequence of interaction between VOC and ambient air is the formation of secondary 
aerosol particles, a component of PM10. Both ozone and PM10 are known to have negative effect on human health.   
 
Emissions of BVOC from vegetation vary with plant species, plant conditions (e.g. developmental stage, injuries or 
damage) and plant environment. Due to dependence on geographical position and on environmental factors, mainly 
ambient temperature, light intensity, air pollution, etc., biogenic emissions exhibit significant diurnal and seasonal 
variation (Kesselemier and Staudt, 1999). Guenther et al., 1993, have shown that emissions of isoprene increase 
linearly with increasing photosynthetically active radiation (PAR) until saturation at higher values of PAR and 
increase exponentially with increasing leaf temperature with maximum around 35°C which is followed by emission 
decrease due to inactivation of isoprene forming enzyme. While isoprene volatilization from vegetation seems to be 
controlled by temperature as well as light, monoterpene emissions appear to depend on temperature only.  
 
Since BVOC play an important role in atmospheric chemistry its proper estimation for the purpose of atmospheric 
photochemical modelling seem to be necessary. Also when compared to anthropogenic VOC emissions, the 
contribution of natural sources may be extensive. Unfortunately the estimations of biogenic emissions are subject to a 
considerable uncertainty. Simpson et al., 1995 estimate uncertainty of their results as high as a factor of 5 at some 
regions in Europe. The uncertainties in emissions are estimated to be the greatest during beginning and ending of the 
growing season (Guenther, 1997). Their sources are mainly plant emission factors and insufficient ecosystem 
description in the modelling area.   
 
The methodologies of BVOC estimation as well as application of the method on the area of Czech Republic are 
described in the following section. In the section below several results of temporal and spatial distribution of VOC 
emissions from forest ecosystems are shown and discussed. 
 
2. METHODOLOGY 
In our study we applied model of biogenic VOC emissions proposed by Guenther et al., 1995. Emission flux F  
( gm-2h-1) of each chemical compound for each ecosystem is calculated as 
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mentioned are not accounted for in the second group REZZO 1-3. Location of particular administrative region is 
shown on Figure 3.  
 
 






Figure 2. Comparison of VOC emissions from biogenic and antropogenic Figure 3. Scheme of administrative regions in  
 sources.       the Czech Republic. 
 
 
Spatial distributions of isoprene and monoterpene total annual emissions are presented on Figure 4. One can see that 
isoprene sources are located mainly in the south-eastern region where with a high percentage of oak trees. On the 
other hand monoterpene emitters are more of less uniformly distributed over the whole area. The total annual 








Differences in the quantity of emitted compound between winter and summer seasons are captured on Figure 5 and 
Figure 6. The isoprene emissions rise from almost negligible concentrations in winter season to values of order of 
tons in summer whereas monoterpene emissions remain considerably high along whole year.   
 
  








Presented results show that estimated emissions of isoprene and monoterpenes from forest ecosystems in the Czech 
Republic are not inconsiderable but, on the contrary, they are comparable to anthropogenic emissions of VOC. For 
the area of Czech Republic, total amount of VOC emitted from anthropogenic sources with and without inclusion of 
mobile sources are approximately 178 kt and 39 kt respectively, while emissions of isoprene and monoterpenes from 
forest ecosystems are estimated to be as high as 82 kt. Therefore in the photochemical modelling of processes in the 
atmosphere, where volatile organic compounds are important components in the tropospheric ozone forming 
reactions, natural sources should be accounted for. Further research in applaying the biogenic emission data into a 
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